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Background Ethnic health inequalities are substantial. One explanation relates to socioeconomic differences between groups. However, socioeconomic variables need to be comparable across ethnic groups as measures of socioeconomic position (SEP) and indicators of health outcomes.
Methods
We linked self-reported SEP and ethnicity data on 4.65 million individuals from the 2001 Scottish Census to hospital admission and mortality data for cardiovascular disease (CVD). We examined the direction, strength and linearity of association between eight individual, household and area socioeconomic measures and CVD in 10 ethnic groups and the impact of SEP adjustment.
Results
There was wide socioeconomic variation between groups. All eight measures showed consistent, positive associations with CVD in White populations, as did educational qualification in non-White ethnic groups. For other SEP measures, associations tended to be consistent with those of White groups though there were one or two exceptions in each non-White group. Multiple SEP adjustment had little effect on relative risk of CVD for most groups. Where it did, the effect varied in direction and magnitude (for example increasing adjusted risk by 23% in Indian men but attenuating it by 11% among Pakistani women).
Conclusions Across groups, SEP measures were inconsistently associated with CVD hospitalization or death, with effect size and direction of effect after adjustment varying across ethnic groups. We recommend that researchers systematically explore the effect of their choice of SEP indicators, using standard multivariate methods where appropriate, to demonstrate their cross-ethnic group validity
Introduction
Substantial ethnic differences in health are well established within the UK [1] [2] [3] [4] and internationally. 5 Until recently, data on ethnic inequalities in health in Scotland have been limited: some groups report more long-term limiting illness and disability 6 and, compared with White Scottish, those of South Asian ethnicity have a higher incidence of acute myocardial infarction, 7 stroke, 8 chest pain, angina 9 and heart failure. 10 Explanations for ethnic health inequalities include artefact, migration, health-related behaviours, 11 unequal access to services, racism 12 or, more controversially, genetics. 13, 14 Ethnic inequalities may reflect differences in socioeconomic position (SEP) 15, 16 though the explanatory power of different measures varies. For example, whereas adjustment for occupational social class and household tenure had little effect on ethnic differences in self-assessed health, controlling for a composite measure of standard of living accounted for a substantial portion of the difference. 2 SEP measures have often been used to control for socioeconomic confounding in multi-ethnic comparisons. 4, 17 The implication that remaining differences can be attributed to 'ethnicity' has been criticized because of residual confounding 13 (particularly when a single measure is used) and because SEP may be an essential part of ethnicity and on the causal pathway between ethnicity and ill-health. 1, 16, 17 To contribute to ethnic comparisons, the ideal SEP measure should behave comparably across groups. 17 True confounders are associated with both exposure and outcome, and adjustment substantially changes the measure of association. However, it is not clear that the direction or strength of association between current SEP measures and health are similar across ethnic groups nor that they reflect patterns expected from majority ethnic groups. [18] [19] [20] [21] A measure of SEP suitable to adjust ethnic comparisons should be associated both with ethnic group and with health outcomes in broadly similar direction and magnitude 17 (otherwise interaction is present). Few large-scale studies have data to allow exploration of these issues, often lacking measures of self-reported ethnicity, detailed information on SEP or both. 17, 19, 22 Using hospital discharge and mortality and linked census data, we (i) compared the strength and direction of association between SEP measures and CVD in each of 10 ethnic groups to gauge the consistency of associations; and (ii) examined the extent to which adjustment for SEP measures accounted for ethnic differences in health.
Methods
We used data from the Scottish Health and Ethnicity Linkage Study (SHELS). The methods have been described elsewhere. 7, 23 Briefly, an anonymized dataset containing census (self-defined ethnicity and socio-demographic variables) and health data (hospital day case and inpatient discharge data and death records) was created using probabilistic data linkage, linking an identifier from the 2001 Census for Scotland to the Scottish Community Health Index (a national register of patients using the NHS) and then to hospital discharge data and hospital and community deaths data from the Scottish Morbidity Record (SMR01) database. Approximately 95% of the 2001 Census population of 4.9 million was linked to health records (4.65 million, with 85% or more linked in every ethnic group).
Data on educational level, occupational group, household tenure, car ownership and economic activity were derived from individual responses to the 2001 Census. 24 Because of limited numbers in some ethnic groups, seven categories of educational qualifications in the Census were aggregated into three: none, low (none beyond secondary school) and high (vocational or higher educational qualifications). Individual and highest household educational level were considered separately. Respondents were categorized into eight occupational classes using the National Statistics Socioeconomic Classification. 25 These were further aggregated into four groups: (i) those who had never worked or were unemployed long term; (ii) routine and manual occupations (NS-SeC lower supervisory and technical, semi-routine and routine); (iii) intermediate (NS-SeC intermediate occupations, small employers and own account workers); and (iv) managerial and professional (NS-SeC higher and lower managerial and professional groups and large employers). Household tenure was aggregated into rented and owner-occupied categories, car ownership into no access and access to one or more cars, and economic activity into those who were in paid work in the previous week and those who were not. The Census collected educational and economic activity data only for those aged 74 years and below.
Area-level deprivation used quintiles of the Scottish Index of Multiple Deprivation (SIMD) rank for each data zone (median population 769), derived from full postcodes. SIMD summarizes 38 indicators derived from administrative data across the domains of income, employment, health, education, skills and training, housing, geographical access to key services, and crime. 26 Incident CVD was defined as a hospital admission with a principal diagnosis of CVD (ICD10: I20-I25,  I50, Poisson regression with robust variance was used to calculate CVD incidence rate ratios. The reference groups for SIMD, educational level, NS-SeC category, car ownership, household tenure and economic activity were, respectively: the most deprived quintile; the lowest educational level; those who never worked; those in households without access to a car; those in rented accommodation; and those economically inactive. For variables with more than two categories, the trend in CVD incidence across categories was assessed for linearity. The percentage increase in incidence for one category change in the socioeconomic variable was calculated as the rate ratio minus one, multiplied by 100. We used forward and backward stepwise methods to select socioeconomic variables for inclusion in a multivariate Poisson model of CVD incidence and also examined the magnitude of changes in risk ratios after adjustment. Multivariate models were developed separately for men and women, with age included in all models. SIMD is based on postcode and is therefore readily available, so we included this in all SEP models so that we could examine the added value of less easily available socioeconomic variables. For males and females separately, terms were added to the model to assess the interaction between South Asian ethnicity and eight measures of SEP (16 tests in all). The work was approved by the Multi-centre Research Ethics Committee (for Scotland) and the Privacy Advisory Committee of NHS National Services Scotland. Table 1 shows the distribution of socioeconomic categories across ethnic groups. White Scottish had among the lowest educational and occupational levels. Indians had higher levels of education, were more likely to be in managerial occupations and less likely to live in socially deprived areas. Pakistanis had the lowest proportions in managerial occupations but were less likely to live in deprived areas. Pakistani women had the lowest levels of individual qualifications and were the least likely to be in paid employment. White Irish were the oldest and Pakistani and Other Ethnic groups the youngest. More details are shown in Supplementary Tables 1 and 2 (available as Supplementary data at IJE online). Among non-White groups, the proportion born outside the UK ranged from 68% (Black), 78% (Indian), 79% (Pakistani) to 91% (Chinese).
Results
The first part of the analysis addressed the question of whether the association between SEP and CVD was similar in each ethnic group. Figure 1 (and Supplementary Table 3 , available as Supplementary data at IJE online) show the percentage increase in CVD incidence per category for each SEP variable based on including the variable as a linear predictor in Poisson regression. For example, for White Scottish men the increase in CVD incidence was 10.3% per quintile from least to most deprived SIMD quintile. There was a modest positive relation between SIMD and CVD in all groups except Other South Asian women, with increases ranging from 0.4% to 14.1% among men and 5.5% to 12.9% among women. Lower individual educational level (IEL) was associated with higher CVD risk in all groups except the Other Ethnic group, with increases in risk ranging from 11.6% to 21.0% among men and 17.1% to 32.2% among women. Household educational level showed a similar positive relationship (0% to 21.1% among men and 6.5% to 30.2% among women). There was a positive relationship between individual NS-SeC (IN) and CVD in all groups except Chinese women and Black and All Other Ethnic group men, though the strength of the relationship varied widely and was generally weaker among non-White than White groups. The relationship was more consistent for household NS-SeC (-3.8% to 23.3% among men; 4.8% to 19.9% among women). The relationship between car ownership and CVD varied widely among men (-65.6% to 23%) and for two groups (All Other Ethnic group men and Other South Asian women) was in the opposite direction of that seen in other groups. In the non-White groups, there was little consistent association between household tenure and CVD, with two groups showing the opposite relationship to the majority. For most groups there was a strong though inconsistent relationship between economic activity and CVD (from 28.7% lower to 37.6% higher risk for economically inactive men and 21.7% lower to 43.5% higher risk for inactive women). Appreciable departures from linearity (Supplementary Table 3 , available as Supplementary data at IJE online) were common only for household NS-SeC (three of nine ethnic groups in each sex.) There were insufficient numbers to examine SEP/CVD interactions in each individual ethnic group. However, comparing the White Scottish group with all South Asian groups combined, there was evidence of interaction between ethnic group and SEP for household education (P ¼ 0.0136), household tenure (P ¼ 0.0495) and car ownership (P < 0.0001) in women; for economic activity in men (P ¼ 0.01) and for individual occupational level in both sexes (P < 0.0001 male, P ¼ 0.0171 female). Four of eight tests showed significant interaction in women, and two of eight in men. In each case, the association between higher SEP status and greater CVD risk was stronger in the White Scottish than the South Asian group. The second part of the analysis examined the impact of adjustment for SEP measures on ethnicity-CVD associations. The age-adjusted CVD rate ratio was calculated for each ethnic group relative to the White Scottish group, then additionally adjusted for each SEP measure in turn (Table 2 ). For men, the largest changes in estimates were seen for individual and household educational level. Car ownership, household tenure and economic activity accounted for little ethnic difference in CVD risk. For women, the changes after adjustment were generally larger, particularly for individual and household educational qualifications, individual NS-SeC and economic activity. Car ownership and household tenure accounted for little ethnic difference in risk in women.
Finally, we examined the additional value of simultaneous adjustment for multiple SEP measures.
Stepwise methods led to the inclusion of six variables in a final model: SIMD; individual educational level; economic activity; household tenure; car ownership; and individual NS-SeC. However, removal of car ownership and household tenure from the full model did not lead to any appreciable change in adjusted rate ratios (no estimate changed by more than 5%). A range of models, including the remaining four SEP variables, were explored; Table 3 shows models where there were appreciable changes in coefficients. Adjustment for SEP variables made little material difference for some ethnic groups (Other South Asian, Other White, All Other, Chinese, White Irish). In other groups the effect of adjustment varied both in direction and magnitude. Compared with Model 0, coefficients in Model 5 increased by 23% and 20% in Indian men and women and 10% in Black and Pakistani men but attenuated by 7% among Pakistani women and women from the All Other Ethnic group. In relation to individual SEP variables, additional adjustment for individual NS-SeC (Model 2 compared with Model 1) substantially altered associations for Pakistani men and Other White British women, whereas adjustment for economic activity (Model 4 compared with Model 3) substantially altered associations for Pakistani women.
Discussion
Ethnic groups in Scotland showed wide variations in SEP: White, Other UK White and Indian groups having the most, and Pakistanis the least, favourable SEP profiles. Two SEP measures (individual and household educational level) showed the most consistent associations with CVD across ethnic groups, whereas associations with CVD for car ownership, household tenure and economic activity lacked consistency across ethnic groups. Adjustment for individual and household educational level had the largest impact on ethnic variations in CVD risk. Six SEP variables were included in a final multivariable model, but exclusion of two of these (car ownership and household tenure) made little difference to adjusted risk estimates. For the majority of ethnic groups, SEP adjustment had little effect on relative risk of CVD. For those where there was an appreciable impact, adjustment could either increase (as among Indians and Pakistani men) or attenuate the relative risk (Pakistani women). This suggests that poorer CVD outcomes in some groups are masked by relatively better socioeconomic position.
Strengths and limitations
The strengths of this study include the inclusion of all major ethnic groups in a single population setting, the large overall sample size, the number of SEP measures and the high linkage rate across all ethnic groups. Because SEP variables were derived from the Census, the overall response rate was high. Response rates by ethnic group are not available for the Census. However, the Census used imputation where a response for ethnic group was missing. The proportion of records with imputed ethnic group varied from 2.6% of Indian values to 5.05% for Other South Asian values. 27 Of the White Scottish values, 4.4% were imputed. In addition, estimates of undercounts are reflected in 'imputed people' included in the Census total; the proportion of such records varied from 3.8% for White Scottish to 11.8% for Africans. Ethnicity was based on self-report. Despite the large overall sample size, numbers in some ethnic groups were too small to allow them to be examined separately and, for groups, small numbers limited precision. Like most other studies, we used a single measure of ethnicity, although ethnicity has multiple dimensions such as religion, migrant status, country of birth and language. 28 We did not have sufficient numbers of CVD events to analyse first-and secondgeneration migrants separately. We did not have data on individual cardiovascular risk factors. These results Percentage defined as (adjusted/crude estimate)-1 where the risk is higher than the reference (White Scottish) group and (crude/ adjusted)-1 where the risk is lower. A positive figure indicates that the association increased in absolute magnitude after adjustment (both increased and decreased risks became more extreme). A negative figure indicates an attenuation of the association so that both increased and decreased risks approached the null value. Note that data for educational and economic variables exclude those aged 75 years and over and that the analysis in this table was therefore restricted to those aged 30-74 years inclusive.
Table 3
Rate ratio (and 95% confidence interval) for first CVD event (admission or death) by sex and ethnic group (relative to the White Scottish group) adjusted using Poisson regression with robust variance estimation 
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focus on one health outcome; other analyses from this dataset on cancer 29 and mental health 30 suggest that these results cannot simply be generalized to all health outcomes. The analysis was limited to those aged 30 years and over, but UK-born ethnic minorities are on average younger than majority populations. Our data were prospective, but over a limited period and unable to examine cumulative disadvantage over the life course. Although the present study had access to a relatively large number of SEP measures, potentially important ones (such as possession of durable goods) were unavailable. Crucially, the UK Census has no measure of household income, which others have found to contribute to ethnic differences in health. 2 We had no measure of ethnic density, which may modify the relationship between area deprivation and health. 31 Aggregation of variables into different numbers of categories may influence the steepness of the regression slope. However, since our comparisons were primarily across ethnic groups, this may be of less importance. (We repeated our analysis using binary categorization for all SEP variables but this did not alter our conclusions.)
Comparison with previous research Some studies have concluded that SEP accounts for little of the observed ethnic differences in health. For example, Marmot reported that occupation-based social class differences did not account for increased mortality risk in migrants to the UK and that occupational social class and mortality were not consistently associated across different migrant groups in England and Wales, 22 though this study has been criticized for relying on death certificate data. Chandola found that ethnic differences in self-assessed health were not reduced among Pakistanis or Bangladeshis by controlling for occupational social class. 32 The CHASE study reported that adjustment for parental occupation did not account for differences in diabetes risk factors between South Asian and White children 33 and that adjustment for a range of SEP markers did not account for blood pressure differences. 34 By contrast, the Fourth National Survey found that adjustment for a composite standard of living index attenuated the higher risk of poor self-reported health. 2, 17 However, the impact of adjustment varied by ethnic group and outcome. Studies in Sweden 35, 36 and Denmark 37 reported that ethnic differences in self-reported health were substantially attenuated by adjustment for measures of SEP, though again the extent varied by ethnic group and measure. In Amsterdam, ethnic differences in self-reported health were attenuated by adjustment for education but less so for income, 38 a finding consistent with the present study. Harding reported that whereas adjustment for occupational social class changed age-adjusted mortality ratios, the direction of change varied across ethnic groups. 19 Kelaher found that the effect of SEP on the association between ethnicity and health depended on the measure used. 21 The Fourth National Survey reported similar socioeconomic gradients in self-assessed health in most ethnic groups. 2 However, other studies confirm our findings that the strength of association between SEP and CVD varies between ethnic groups. The 2004 Health Survey for England found an inverse association between household income and CVD in the general population, but the association was weaker in ethnic minority groups. 4 Bos reported that the relationship between area income and mortality was weaker in non-Dutch than Dutch groups 39 and Becares found that the association between area deprivation and poor-self-rated health was weaker for ethnic minorities than for White British. 31 Bhopal found that area deprivation, education and occupational social class were less strongly associated with health measures among South Asians than among Whites 18 and Williams reported that among South Asians, standard of living (based on a scale which included car ownership) was less strongly associated with health measures than among the general population. 20 Understanding why SEP measures might relate differently to health outcomes across ethnic group SEP may influence health through its effects on individual health-related behaviours, material deprivation over the life course, exposure to racism and inequalities in access to services. As discussed above, SEP may confound the relationship between ethnicity and health outcomes or may be on the causal pathway; our results do not resolve this question. Furthermore, even if SEP, in theory, accounts entirely for the effect of ethnicity, adjustment for SEP is likely, in practice, to leave residual confounding. 15 SEP measures may be differently associated with health because they vary in how they relate to life circumstances across ethnic groups; for example, owner-occupier status in some ethnic groups may reflect cultural norms rather than wealth and they may live in poor-quality and crowded housing. Income may vary by ethnic group within the same occupational class, so that occupation may not have equivalent meanings across groups. 15 Though widely used, arealevel measures of deprivation are problematic proxies of SEP: the meaning attached to residing in a socially disadvantaged neighbourhood may differ between ethnic groups, in part because of the geographical concentration of some groups. 31 The importance of car ownership may vary between ethnic groups, so it may be a less discriminating marker of affluence; ethnic minority populations often reside in urban areas where car ownership is less essential. Educational status has different meanings over the life course and is likely to hold different significance in different countries and cultures. It is, therefore, somewhat surprising that education variables are consistently associated with CVD outcomes. Williams proposed that the usual links between SEP and health were disrupted by epidemiological transition and migration. 20 It may be that as settlement proceeds and social stratification occurs, some variables will show the expected pattern of association sooner than others. The extensive literature on ethnic health inequalities in the USA is beyond the scope of this discussion, but SEP may account to a different extent for these inequalities, in part because of the longer history of settlement. 20, 40, 41 Our results are therefore likely to be context specific.
Conclusions
Across groups, SEP measures were inconsistently associated with CVD hospitalization or death, with effect size and sometimes direction of effect after adjustment varying across ethnic groups. It is necessary to select SEP variables suitable for the particular ethnic groups and outcomes under study. Standard multivariate and graphical methods, as applied here, can help in such selection.
Future research should where possible include measures of income. Our findings are likely to be specific to CVD, and a wider range of health outcomes should be examined. 29, 30 In the meantime, we suggest that for cardiovascular research using SEP to adjust for ethnic comparisons, no single indicator is likely to be suitable. Researchers should systematically explore the effect of their choice of SEP indicators prior to data analysis, to demonstrate their cross-ethnic group validity as potential confounding variables.
